INTRODUCTION
The Kathmandu Valley is a bowl shaped, intermontane basin formed in the Lesser Himalayan Midland Zone of the Central Nepal. People of the Kathmandu Valley have been dependent on groundwater sources like dug well, spouts and spring from the ancient time. The demand of groundwater is highly increasing in the valley, due to the uncontrolled population growth and unplanned urbanization. Groundwater, which is water that exists underground (Groundwater Foundation, 2012) , and groundwater resources within the Kathmandu basin play the major role for fulfilling the partial demand of water supply. Among groundwater resources, shallow wells are considered as the major source for fulfilling the water demand for domestic purpose (drinking, cooking, Physical water quality of shallow groundwater of the southern part of the Kathmandu Valley was studied and analysed. Being the capital city of the country, the population is increasing day by dayand consequently the demand of water supply has also increased. Analyses reveal ranges of temperature to be 15.3-24.2 °C, pH to be 5.67-8.07, electrical conductivity to be (EC) 230-2860 µS/cm, and dissolved oxygen (DO) to be 0.09-9.1 mg/L in dry season whereas in wet season temperature, pH, EC and DO ranges are respectively 19. 6-27.3 °C, 5.92-8.3, 183-3030 µS/cm and 0.19-7 .9 mg/L. Water Quality Index (WQI) map shows that the upstream river areas contain good water quality than the downstream areas. The areas like Kalanki and Satdobato have poor water quality according to the guidelines of Nepal Drinking Water Quality Standard.
quality is under intense stress from increasing demand and withdrawal, significant changes in land use pattern, climate change and pollution arising from geological and geochemical environment (Edmunds and Smedley 1996) .
The natural groundwater quality isn't always good. The natural quality can vary from one rock type to another and also within aquifers along groundwater flow paths (MacDonald and Calow, 2009 ). The Kathmandu Valley sediments have been divided into eight different stratigraphic units. (Yoshida and Igarashi, 1984; Yoshida and Gautam, 1988) . The oldest is the Lukundol Formation, followed by intermediate gravel deposits such as Chapagaon, Boregaon and Pyanggaon Deposits developed in the course of tilting of the lake due to activation of the Main Boundary Thrust (MBT) towards the southern margin (Sakai, 2001) . The younger sediments are in the northern part as the Gokarna Formation, Thimi Formation, Patan Formation and the Recent terrace deposits (Yoshida and Igarashi, 1984) . The sediment deposited in different formations directly influences infiltration of water to shallow wells. Gravel and sand are considered as good aquifer with high potential zone for groundwater whereas clay, silt and hard rock as low potential water zone, although water has been extracted from low permeable layers of the Kalimati Formation for domestic purpose in the Kathmandu Valley.
The major river flowing through the southern part of the Kathmandu Valley is the Bagmati Rivdr, Kodku Khola, Nakhu Khola, Godavari Khola, Balkhu Khola, Bosan Khola and the Hanumante Khola. The recharge and discharge interchange within shallow groundwater and drainage according to climate and fluctuation of water table.
Studies on groundwater have been carried out in different parts of the southern Kathmandu; however, no comprehensive study has been conducted on the shallow groundwater quality in the study area. In this study, temperature, pH, EC and dissolved oxygen (physical parameters of water quality) of shallow well waters were determined.
MATERIALS AND METHODS
The Kathmandu Valley extends for about 30 km E-W and 25 km N-S covering the area of 656 sq km. The study area that focuses mainly the southern Kathmandu, is located between latitude 27° 32'34" to 27°49'11" N and longitude 85°11'10" to 85°31'10 E. The study area covers Balambu and the Bagmati River at the north, Chapagaun at the south, Bosan area at the west and Bhaktapur at the east (Fig. 1 ).
Water quality data collection
Geologically the area lies on the Kathmandu Nappe in the Lesser Himalaya Zone, south of the Great Himalaya Range separated by deep valleys of the Likhu Khola and the Shindu Khola (600 to 1300 m above sea level) (Sakai, 2001) . The basin was originated tectonically (Hagen, 1969) . Sakai (2001) defined the basin as a piggyback basin lying between the pop-up mountains of the Mahabharat Lekh to the south and the Shivapuri Lekh to the north. Drainage pattern of the Kathmandu Valley is governed by a centripetal drainage system. The area is a subtropical zone which has a mild climate most of the year. The annual mean temperature of the valley is 18.3 °C. During the rainy monsoon season between June and August, 70 to 80% of the total annual precipitation occurs by winds from Bay of Bengal.
Altogether 440 data were collected during both seasons, of which 220 wells water data were collected in dry season and the next 220 data from same wells were collected in rainy season. Data were collected from only shallow dug wells less than 15 m.
Wells in the study area were located in the topographic map from the field study. Longitude, latitude and elevation of each of the wells were taken by GPS (Garmin Colorado 300). Physical water quality parameters like DO, EC, pH and temperature were measured in the field because they showed the unstable behavior with change in surrounding environment. Scientific instruments were used in the field for the purpose of data acquisition like DO Meter (Mettler Toledo SG3-ELK) and EC-pH Meter (Mettler Toledo SG23-SevenGo; DuoTM pH/Conductivity meter). Water Depth Logger was used to measure the water table depth from the ground surface. Various other information like its age, depth, structure and surrounding condition of each well were also noted.
Water Quality Index (WQI) map based on physical parameters
Based on different physical water quality parameter measured in study area, a WQI was calculated and a map was prepared. An index is a mean device to reduce a large quantity of data down to the simplest form. It is defined as a technique of rating that provides the composite influence of individual water quality parameter on overall quality of water of that area (Gupta et al., 2015) . Following four steps were followed for calculation of WQI:
i. Assigning weight (w) In this step the weights for individual parameter were assigned on the scale of 4 to 1 based on their contribution for water quality. For the most important scale of 4 was assigned and for the least important, the scale of 1 was assigned in this study.
ii. Relative weight (W)
Relative weight of each parameter was calculated using the following equation: Where, w is weight of each parameter and n is number of parameters.
iii. Quality Rating Scale (q)
The quality rating scale q for each parameter was determined by dividing the concentration of each parameter to its respective permissible standards and multiplied by 100
Where, c is concentration of each measured parameter and s is the maximum allowable level for that parameter.
iv. Sub Index and WQI
To determine the sub index (SI) and WQI, the following equations were used.
Where, SI is sub index of each parameter, q is quality rating scale of each parameter and n is number of parameter. Thus, obtained WQI value was described with their respective description value (Table 1) .
RESULTS AND DISCUSSIONS
Electrical conductivity (EC) measures the dissolved ionic component in water and hence electrical characteristic. Value ranged from 230-2860 µS/cm with average of 807.66 µS/cm in dry season and 183-3030 µS/cm with average of 765 µS/cm in wet season (Annex Table 1 ). The water with EC of <1500 µS/cm is considered as potable according to NDWQS (2005) . Kalanki and some part of Satdobato in both seasons have values greater than 1500 µS/cm. It can be due to pollution of water. The trend of value of EC in shallow ground water is increasing from the south to the north of the study area. As EC gives an indication of amount of total dissolved substitution in water (Yilmaz and Koc, 2014) , high EC can be considered as having more solubility of minerals and other materials.
A pH ranges were 5.67-8.07 in dry season and 5.92-8.3 in wet season (Annex Table 1 ). Some wells in the Nakhu Khola catchment and the Central Zoo Area had acidic pH value less than 6.5, falling slightly below the guideline limit of 6.5-8.5, thus indicating corrosiveness. However, an average pH of 7.07 in dry season and 7.26 in wet season is recorded. The World Health Organization (WHO, 2010) recommends a pH value of 6.5 or higher for drinking water to prevent corrosion. A pH above 8.0 would be disadvantageous in the treatment and disinfection of drinking water with chlorine (UNICEF, 2008). However, pH values between 
. 100 data of well water shows good categories of water in some part of Balambu, Central Zoo and almost all wells of upstream of rivers except the Hanumante Khola and the Thaiba Area while average in downstream of all rivers with poor category of water in some area like Kalanki and Satdobato in dry season (Annex Table 1 ; Figs. 2 and 3) . Same pattern is observed in the wet season with minor changes in poor water only in Kalanki area, and Satdobato well waters change to average from poor water quality.
CONCLUSIONS
Temperature, pH, EC, and DO of groundwater of dug wells of the southern part of the Kathmandu Valley area were studied. Temperature values can be considered as being ambient relative to the geographical region and not too bad in terms of supporting microbial growth. Average pH is slightly basic with wells in some areas like the Hanumante Khola, and the north western part are acidic in nature indicating corrosion problems. Electrical conductivity values are average, hence from the EC values, the groundwater of this study area can be said to have average salt concentration and good for domestic and crop production but for drinking, other factors like chemical and biological parametersof the groundwater will have to be studied. DO values, further give mixed result to the freshness of the water, implying yet again low to high organic presence. Most of parameters with few exceptions clearly fell below WHO international best standards for water quality and NDWQS. The WQI maps prepared for two seasons show little variation of physical water quality parameters. Therefore, from results of this study, the groundwater in the study area can be regarded as being of good quality for household purpose and agriculture purposes with reference to the parameters under consideration, although requiring little treatment of pH especially in the Nakhu Khola, EC in some wells of the Kalanki Area, and DO in the upstream part of almost all the river area. However, further studies with reference to the chemical and microbial analyses will have to be done to have a broader picture of this water quality.
6.5 and 8.5 usually indicate good water quality and this range is typical of most drainage basins of the world (UNEP/GEMS, 2007). The reason for change could be chemical used and pollution in agriculture runoff (EPA, 2012).
The DO ranges from 0.09 to 9.1 mg/L in dry season. In wet season it ranges from 0.19 to 7.9 mg/L (Annex Table 1 ). Areas like Katunje, Balkot, Lubu, Thaiba, Sunakothi and Kalanki had low DO often less than 2 mg/L. Except some few wells of Chobhar, Gwarko and Godavari where DO values range greater than 4, in almost all remaining wells, DO ranges from 2 to 4 mg/L in wet season. In dry season, DO of well water ranges from 0.09 to 2 mg/L in Balambu, Katunje and upstream of the Godavari Khola. The average DO values of the study area are 2.19 mg/L and 2.38 mg/L in dry season and in wet season, respectively (Annex Table 1 ). Inorganic reductants such as hydrogen sulphide, ammonia, nitrate and ferrous ions tend to decrease oxygen in water. Microbiological activities also consume oxygen creating the reduction of DO in water. Photosynthesis also influences the amount of DO in shallow aquifer.
Temperature is integral part to determine water quality. Various factors like sunlight, atmosphere, turbidity, mixing from other sources affect the temperature of shallow water. The temperature value ranges from 15.3 to 25.5°C in dry season and it seems to increase in wet season from 19.6 to 27.3°C showing same trend of distribution. Temperature value of the wells water are distributed heterogeneously in the study area. These suggest that the groundwater temperature is generally ambient and good for consumers who prefer cool to warm water and for the specific reason of water quality; since, bears negative impact on water quality by enhancing the growth of micro-organisms which may increase taste, odour, colour and corrosion problems (UNICEF, 2008) . Therefore, it is important that groundwater temperature is not too high in order not to have microbial proliferation. Temperature affects biological, chemical and physical activities in the water (Yilmaz and Koc, 2014) . Besides, increase in temperature of water decreases solubility of gases such as O 2 , CO 2 , N 2 and CH 4 (Yilmaz and Koc, 2014) .
The WQI map prepared in GIS from the physical 
